chloride, 0.5 percent; and dipotassium phosphate, 0.25 per cent; the whole adjusted to pH 7.2.
Spore germination. Spore germination was measured by determining loss of heat resistance and change in optical density of the cells, as well as by direct count of stainable cells. For heat resistance measurements, a known quantity of a spore culture was added to each of a series of tubes containing a germination medium. The tubes were suspended in a water bath held at 80 C. Aliquots were withdrawn at intervals (up to 15 min), cooled and then transferred to Prickett tubes containing trypticase soy agar (BBL). These dilution tubes were incubated for 1 week at 37 C after which counts were made. The ungerminated spores survived exposure to 80 C for 20 min, whereas germinated cells were killed in 1 min.
As the spores germinate, the optical density of the suspension will change. Two ml of a germination medium were added to 0.05 ml of a spore suspension (approx 5 X 108 spores/ml) in a 10 by 75 mm tube. At pH 7 the germination medium should be clear and in a reduced state, and can be so maintained by the addition of sodium thioglycolate. The tube was immediately inserted into a Bausch and Lomb colorimeter (640 mu filter) and the change in light transmission observed continuously or at intervals.
Staining with 1 per cent aqueous crystal violet for 30 sec will distinguish germinated cells from spores since the latter do not absorb the stain. Spores and cells were counted in at least 20 fields and the ratio of stained to unstained cells established the percentage germination. by various methods to isolate the active material, which was found to be heat stable, soluble in water and in 70 per cent ethyl alcohol, but insoluble in absolute alcohol or organic solvents.
Enough material for adequate testing could not be isolated by the ion exchange method, by the zone electrophoresis starch column, nor by Durrum's (1951) method of paper electrophoresis. However, it was suspected that more than one substrate is necessary for germination. The fraction isolated from fresh pork liver was unstable and gradually lost its activity under various conditions. A casein "D" digest, in which the concentrations of amino acids were known4 showed full germination. To determine whether the active material was present in the fraction of known amino acids or in the unknown portion of the casein digest, a stock solution with a similar concentration of amino acids was tested. This solution of 17 known amino acids gave complete germinations indicating that amino acids alone could cause germination. Solutions containing different concentrations and ratios of amino acids that had failed previously to cause germination were retested and once again found to be inactive indicating that the ratio and concentration of amino acids is critically important.
Two new solutions (A and B) were prepared duplicating the components found in the complete amino acid solution that caused germination in 15 min ( from solution A and one from solution B were necessary. These same concentrations of amino acids were used in the studies described with exceptions as noted. Germination studies were performed by the addition of single amino acids to solutions A and B (table 5) . Other tests involving the elimination of one or several amino acids from the test solution indicated that full activity for the germination of anaerobic spores was present only in a combination of three amino acids: DL-alanine, L-arginine, and DL-phenylalanine. It is known that D-alanine strongly inhibits the activity of i-alanine in the germination of spores of bacilli.
The action of D-alanine on anaerobic spore germinations was studied and the D form was found to be completely inactive. Adenosine played no role in anaerobic germination, as had been observed with aerobes (Stewart and Halvorson, 1953) . Only L-alanine, L-phenylalanine, and 
DISCUSSION
It has been shown that complete sporulation of C. roseum is possible in a clear medium. Sporulation was complete at the end of 48 hr and continuedI incubation resulted in some germination in the sporulation medium. Such germination can be halted simply by exposing the culture to adverse conditions (4 C) with no agitation of the me(lium. Once the spores are separated from the sporulation medium by differential centrifugation they will not germinate without the addition of known germination factors.
The factoirs for optimum germination were found to be pH 7.0 and anaerobic conditions. Any change in these factors resulted in decreased germination. A gerIninating culture will show decreased heat resistance and a change in optical density; the germinated spore will retain a simple stain. All three characteristics were used to measure the degree of germination and the results paralleled each other. With such measurements, any material may be tested for germination factors. The best germinations were obtained with casein digests and fresh liver extract. Fostei (1948a, 1948b) studied anaerobes but the only work directly concerned with minimal nutritional requirements for anaerobic spore germination is that of Wynne et al. (1954) . These workers found maximum germination after 1 hr in a 1 per cent glucose solution, autoclaved for 80 mim at 121 C in the presence of 0.1 per cent K2HPO4 and 0.1 per cent KH2PO4. In the work reported here, substantially complete germination was achieved in 15 min with only three amino acids: L-alanine, L-phenylalanine, and L-arginine.
The role of L-alanine in aerobic spore gertmination has been reported by several investigators: Hills (1950) , Stewart and Halvorson (1953) , Powell (1950) and Church et al. (1954) . Howevei, this is the first report presenting the role of L-alanine in the germination of anaerobic spores.
Substituting any other amino acid for one of the three mentioned above or changing their concentration results in decreased or no germination. The D forms of these amino acids were inactive, but did not inhibit germination. Although the exact role of these three amino acids in anaerobic spore germination is unknown, L-alanine appears to be the key to the germination process. Zoha (personal communication) has investigated the effect of these three amino acids on the spores of Clostridium botulinum, types A and B, and has found that germination in this species is exactly the same in C. roseum. Whether these three amino acids will cause germination of aerobic spores is doubtful.
SUMMARY
Germination of spores of Clostridiumn roseum is stimulated by amino acids, as has been reported by a number of investigators for spores of aerobic bacilli. When the anaerobe was grown in a medium containing trypticase, 1.5 per cent; sodium chloride, 0.5 per cent; K2HPO4, 0.25 per cent; and glucose, 0.2 per cent, nearly complete sporulation was obtained in 48 hr. The anaerobic spores must be harvested soon after sporulation is complete to prevent germination in the medium in which they were formed. Spores are harvested by cooling the culture to 4 C, and centrifuging. 
